Objective-This exploratory study examined potential mode effects (web versus U.S. mail) in a mixed mode design survey of alcohol use at eight U.S. colleges.
Introduction
Web surveys are a viable mode of data collection on many college campuses because of the near universal use of the Internet among college students (Couper, 2000; Jones, 2003; Rainie, 2001) . With the growing popularity of web surveys, it has become more important to compare this innovative mode of data collection to other, more traditional, survey methods. Therefore, the impact of collecting data among undergraduate students using web surveys versus traditional approaches such as mailed paper surveys has become a topic of collegebased research (e.g. Carini, Hayek, Kuh, Kennedy, & Ouimet, 2003; Pealer, Weiler, Pigg, Miller, & Dorman, 2001; Wygant & Lindorf, 1999) .
Past research suggests that data collection modality can lead to substantially different answers to questions regarding alcohol and other drug use (e.g. Link & Mokdad, 2005; Turner et al., 1998; Wright, Aquilino, & Supple, 1998) . However, at least three randomized college-based studies suggest minimal differences in the reporting of alcohol use between web surveys and more traditional paper-based survey approaches (e.g., Bason, 2000; McCabe, Boyd, Couper, Crawford, & d'Arcy, 2002; Miller et al., 2002) . For instance, Miller et al. (2002) randomly assigned 255 college students ages 18-29 to complete a survey in one of three conditions, including one paper-based and two web-based conditions. The survey contained several well-known alcohol-related measures such as the Alcohol Use Disorders Identification Test (AUDIT: Saunders, Aasland, Babor, de la Fuente, & Grant, 1993) , Rutgers Alcohol Problem Index (RAPI: White & Labouvie, 1989) , University of Rhode Island Change Assessment (URICA: Prochaska & DiClemente, 1986) , Alcohol Dependence Scale (ADS: Skinner & Allen, 1982) , and a quantity-frequency-peak index used to assess drinking rates. Miller et al. (2002) found there were no significant mean differences among the assessment conditions on any measures of alcohol use. The authors concluded that the web-based survey mode of data collection represented a suitable alternative to a paper-based approach because data integrity was not compromised. In another study, Bason (2000) randomly assigned 3000 students to complete the CORE survey (Presley, Meilman, & Cashin, 1996) between four modes of data collection (telephone, mail, web-based and interactive voice recognition) and examined substantive differences in prevalence estimates of alcohol and other drug use. Although the web mode produced the lowest response rate of the four survey modes, there were minimal substantive differences in prevalence rates of substance use between web respondents and other modes. Finally, McCabe et al. (2002) randomly assigned 7000 students to complete a survey via two distinct survey modes (web and mail). The web mode produced a sample that was more representative of the overall student population with respect to gender and there were no significant differences in alcohol use measures. In addition, there were no differences in the distribution of race, class year, academic credit hours, or age between the final samples obtained from the two survey modes.
Despite evidence that web surveys can produce comparable sample demographics and estimates of substance use as mailed paper surveys when college students are randomly assigned to survey modes (e.g. McCabe et al., 2002; Miller et al., 2002) , there remains a need for comparative research that examines the impact of using a non-randomized mixed mode design on sample demographics and substance use estimates. Non-randomized mixed mode studies, including web and mailed paper surveys have been conducted at multiple universities, and very few substantive differences between survey mode have been found (e.g. Carini et al., 2003) . However, such studies have not examined highly sensitive behaviors such as substance use.
There are several different types of web surveys and the current investigation focuses on a probability-based survey approach within a mixed mode design (Couper, 2000) . The main objective of this study was to examine whether demographic characteristics and alcohol use data collected initially using a web survey as the first mode of data collection differed from a subsequent mailed paper survey as the second mode of data collection.
Methods

Data collection
The present study investigated potential mode effects in self-reported measures of alcohol consumption using survey data collected as part of the "A Matter of Degree" (AMOD) national prevention demonstration program evaluation (Weitzman, Nelson, Lee, & Wechsler, 2004) . AMOD is a comprehensive community change program that aims to alter patterns of heavy and harmful drinking among college youth through environmental change strategies. Survey data from eight AMOD colleges were used for the present mode effects study. AMOD schools were selected because of their high rates of binge drinking (i.e., >50%) in 1993, prior to the program's inception, and their commitment to ongoing participation in an environmental prevention program for their respective campus communities. Details about the AMOD program, site selection, survey methods and findings are published elsewhere (Weitzman et al., 2004) .
The study was conducted during a one-month period during the spring of 2002. Potential participants were sent information making it clear that participation was voluntary, explaining the relevance of the study, and that responses were kept confidential. The wording, response categories and skip patterns for survey questions in each mode were identical. Potential participants were informed that a research firm was contracted to set-up the web survey as well as store and maintain data from both modes of data collection. Finally, the web survey was maintained on a hosted secure web site running under the secure sockets layer (SSL) protocol to insure respondent data was safely transmitted between the respondent's browser and the server. The Harvard School of Public Health's Human Subjects Committee approved the study's protocol.
Administrators at each of the schools provided a random sample of 750 undergraduate students from the total population of students enrolled full-time and one school provided a sample of 1250 students. The original sample included nine schools but one school was excluded from this investigation because the response rate was considerably lower than the other eight schools. Two of the universities were located in the Northeast, three in the South, two in the North Central and one in the West; seven were public schools and one was a private school. Five of the schools were large (over 10000 undergraduate students), two were medium (5001 to 10000 undergraduate students), and one was small (under 5000 undergraduate students). Six schools were located in an urban or suburban setting and two in small town/rural settings.
The present study was not designed to be a randomized mode experiment with subjects randomly assigned to two different modes of data collection. A web survey was used as the first mode of data collection followed by a mailed paper survey mode. In the web mode, email invitations were sent to 6500 full-time undergraduate students attending eight different colleges and universities inviting them to participate in the study by clicking a URL link and self-administering the web survey. Following the initial e-mail invitation, students were sent a first and/or second e-mail reminder if they had not completed the survey. All of the 3880 students who did not respond to the web survey were mailed hardcopies of survey questionnaires along with a cover letter inviting them to respond. Reminder post cards were also sent to all potential respondents. Additional cover letters and hardcopies of the survey questionnaires were sent to students who did not respond following the postcard reminder.
Due to the variation in academic calendars between the eight schools in the present study, four slightly different data collection schedules were used during April and May of 2002 that ranged from 19 days to 26 days. By participating in the study, students from each school became eligible for a sweepstakes drawing of $500 at each school. The response rates for the web survey mode of data collection ranged as follows: (School A=46.1%, School B=42.6%, School C=39.2%, School D=37.2%, School E=33.1%, School F=30.9%, School G=30.7%, School H=14.8%). The response rates for the mail survey mode of data collection ranged as follows: (School A=10.8%, School B=16.2%, School C=41.0%, School D=23.6%, School E= 26.1%, School F= 31.2%, School G= 25.3%, School H= 42.2%). A total of 3247 students returned questionnaires from the eight schools resulting in total response rates from 46.3% to 61.9%.
Measures
The present study used data from the Harvard School of Public Health College Alcohol Study (CAS) survey. The survey instrument contained questions regarding demographic characteristics such as gender, race, age, and fraternity/sorority membership as well as several alcohol use measures.
Living arrangement was determined by whether students lived on-campus or off-campus during the current school year. For purposes of these analyses, on-campus residence consisted of living in a residence hall, other university housing, or a fraternity or sorority house. Off-campus residences consisted of living in a house, apartment, or other off-campus locations during the school year.
Abstinence was defined as not consuming alcohol in the past year.
Alcohol use in the past 30 days was assessed with a single item asking "On how many occasions have you had a drink of alcohol in the past 30 days?" The response scale was 1) 1 to 2 occasions, 2) 3 to 5 occasions, 3) 6 to 9 occasions, 4) 10 to 19 occasions, 5) 20 to 39 occasions, and 6) 40 or more occasions. For purposes of these analyses, responses were dichotomously coded as 1) less than ten occasions in the past 30 days and 2) ten or more occasions in the past 30 days.
Monthly drunk occasions were assessed by asking "In the past 30 days, how often did you drink enough to get drunk?" The response scale was 1) not at all, 2) 1 to 2 occasions, 3) 3 to 5 occasions, 4) 6 to 9 occasions, 5) 10 to 19 occasions, 6) 20 to 39 occasions, and 7) 40 or more occasions. For purposes of these analyses, responses were dichotomously coded as 1) less than three occasions and 2) three or more occasions.
Binge drinking was defined as having five or more drinks in a row for men (and four or more drinks in a row for women) in the past two weeks. A drink was defined as a 4-ounce glass of wine, a 12-ounce bottle or can of beer or wine cooler, or a shot of liquor straight or in a mixed drink. The response scale was 1) none, 2) once, 3) twice, 4) 3 to 5 times, 5) 6 to 9 times, and 6) 10 or more times. For purposes of these analyses, responses were dichotomously coded as 1) none and 2) at least once.
Frequent binge drinking was defined as having three or more binge drinking episodes in the past two weeks.
Usual heavy drinking behavior was also assessed by asking respondents who had consumed alcohol in the past 30 days the following question: "In the past 30 days, on those occasions when you drank alcohol, how many drinks did you usually have?" The response scale ranged from 1) 1 drink to 9) 9 or more drinks. For purposes of these analyses, responses were dichotomously coded as 1) usual non-heavy drinking (less than 4 drinks for women and less than 5 drinks for men) and 2) usual heavy drinking (4 or more drinks for women and 5 or more drinks for men).
Drink to get drunk was assessed with one item that asked students how important drinking "to get drunk" was as a reason to drink alcohol. The response scale was 1) very important, 2) important, 3) somewhat important, and 4) not at all important. For purposes of these analyses, responses were dichotomously coded as 1) not important at all and 2) very important, important, and somewhat important.
Data analysis
A sample weight variable was created to account for colleges' varying sampling fractions and data were weighted throughout all analyses to increase the representativeness of our results. The weight variable was centered (normalized) within each study site to insure that sample sizes for all sites remained the same after weighting.
Chi-square tests of homogeneity were conducted to determine whether the respondents' distributions for demographic variables differed significantly between survey modality. Next, multivariate logistic regression analyses were conducted to estimate survey mode effects on several dichotomously coded variables for alcohol use measures. The multivariate logistic regression analyses tested the null hypothesis that there were no significant differences in substantive responses to each alcohol use measure between survey modes while adjusting for possible confounding variables including gender, age, and living arrangement. Separate logistic regression models were conducted for all eight schools in aggregate and for each of the eight schools separately.
Sample
A total of 3247 students responded, 628 by U.S. mail and 2619 by web. As illustrated in Table 1 , the overall sample consisted of 52.8% male, 85.2% White, and 54.2% of students were under 21 years of age. In addition, 19.4% of students were members of fraternities or sororities and 52.0% lived on-campus which included residence halls, other university housing, and fraternity and sorority houses.
Results
As illustrated in Table 1 , there were several demographic characteristics that differed significantly by survey modality. For instance, web respondents were more likely to be male (55.5% vs. 41.3% of mail respondents, p < 0.001), live on-campus (56.5% vs. 33.1% of mail respondents, p < 0.001) and tended to be less than 21 years of age (58.4% vs. 37.1% of mail respondents, p < 0.001).
Multivariate logistic regression analyses in the aggregate across all eight schools were conducted to examine the impact of survey modality on substantive responses to alcohol use after adjusting for sex, age and living location. As presented in Table 2 , logistic regression models examining alcohol use measures revealed no substantive differences by survey mode across several measures including 12-month abstinence, drinking occasions in the past 30 days, three or more occasions of being drunk in the past 30 days, usual heavy drinking in the past 30 days, importance of getting drunk, binge drinking in the past two weeks and frequent binge drinking in the past two weeks.
The regression models were also conducted separately at each of the eight schools (results not shown). Although there were some instances where the sample size from individual schools was too small to permit reliable results using multivariate analysis, the results for individual schools indicated the same trend as the aggregate findings. With very few exceptions, there were no individual school differences between survey modes for reporting 12-month abstinence, drinking occasions in the past 30 days, three or more occasions of being drunk in the past 30 days, usual heavy drinking in the past 30 days, importance of getting drunk, binge drinking in the past two weeks and frequent binge drinking in the past two weeks.
Discussion
While relying exclusively on the web for data collection within the general population might not yet be possible, web surveys have shown promise for restricted populations with near universal web access such as college students (e.g. Carini et al., 2003; Kypri & Gallagher, 2003; McCabe et al., 2002) . The results of the present study provide preliminary evidence from multiple institutions that web surveys produce few substantive differences in estimates of alcohol use when college students complete web surveys as the first mode of data collection followed by a mailed hardcopy survey as the second mode of data collection. These findings complement the growing evidence suggesting web and paper surveys produce comparable results regarding alcohol use based on randomized college-based studies (e.g. Bason, 2000; McCabe et al., 2002; Miller et al., 2002) . Web surveys and mailed paper survey modes share several important characteristics so it is not surprising that several randomized college-based studies have found that responses to web surveys closely resemble the responses of hardcopy mailed paper surveys. For example, both survey modes are self-administered and they each rely on visual information through which the respondent controls the speed of answering questions.
The present study found that undergraduate men were more likely than undergraduate women to respond to the web survey and less likely to respond to the subsequent mail survey. These gender differences in response patterns between web and subsequent mail surveys are consistent with a non-randomized study (Carini et al., 2003) and a randomized mode study (McCabe et al., 2002) within undergraduate student populations. The present study showed that students living on-campus were more likely to respond to a web survey and less likely to respond to the following mail survey relative to students living off-campus. This could be a function of differences in computer access and use between students living on-campus versus those living off-campus.
The results of the present study are important for researchers considering whether to use mixed-mode data collection strategies within college student populations. Past research has shown that switching to a second mode of data collection increases survey response rates (e.g. Shettle & Mooney, 1999) . Because of the cost savings when web surveys are the first mode of data collection, web surveys have a great deal of promise for conducting large-scale studies using mixed mode data collection strategies.
Limitations
Despite the strengths of the current study, there were some noteworthy limitations that need to be taken into account when considering the implications of the findings. First, the nonrandomized design of the present study may have led to some selection effects among responders. For example, the mail survey responders could contain college students who are late or reluctant responders and not necessarily representative of mail survey responders in general. Although we attempted to minimize these selection effects by controlling for demographic characteristics that differed between the two survey modes, there could be other selective factors operating in a group that does not respond to one mode of the survey. Second, non-response may have introduced some bias in the present study. There was variation in the response rates between individual schools suggesting web-based approaches might be more feasible at some institutions. Non-response remains one of the main concerns for web surveys and more work is needed to increase web survey response rates (Couper, 2000) . Finally, the eight schools used in the present study are not representative of American colleges and universities as the schools were selected because of their high rates of binge drinking in 1993 and their ongoing participation in an intervention to reduce alcohol abuse on their respective campuses (Weitzman et al., 2004) . Therefore, more comparative research is needed at colleges and universities with diverse binge drinking profiles.
Future research
Future research would benefit from evaluating how various contact strategies, within different mode designs, can produce higher response rates. Recent research indicates prenotification, pre-paid incentives, intensive follow-up, and mixed modes of data collection featuring web, phone, and mail can achieve high response rates among college students (e.g., Kypri & Gallagher, 2003) . However, the use of web surveys needs to be carefully considered at individual schools based on the mixed results of the present study and several past studies (e.g. Bason, 2000; Kwak & Radler, 2002; McCabe et al., 2002; Wygant & Lindorf, 1999) . Nearly all (95%) of the students in the eight schools used in the present study were 18-24 years of age rendering the web an especially practical mode of data collection as over three out of every four individuals within this age group report online computer use (Rainie, 2001 ). In addition, previous research has shown approximately 98% of traditional-age (18-24 years old) undergraduate students used electronic mail (Couper, Traugott, & Lamias, 2001 ). However, it remains to be shown if web surveys can be effective at schools with higher proportions of non-traditional age students. There is also relatively little known about the institutional characteristics that impact the efficacy of web surveys at individual universities and this represents an important area of future research. Future research could greatly benefit from conducting a multi-campus mode experiment with randomized conditions to test what types of characteristics improve response rates. Given the variation in institutional characteristics across different colleges and universities, it is plausible that various schools might require different mixed mode combinations depending on certain conditions. There were no statistically significant differences ( p < 0.05) for any of the alcohol use measures.
a The mail survey was the reference group so the adjusted odds ratios reflect the relative odds that a respondent to the Web survey would report each alcohol measure.
b Regression model was adjusted for sex, living arrangement, and age.
c Regression model for "drink to get drunk" includes only those who drank within the past 30 days (n =2173).
